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VI ABsTRAcr 
A method of propelling a projectile from a device by 
applyiag a high power pulse of clrctricd current to a 
thin metal conductor wire causing the wire to explode 
md dispem hot spots of molten metal throughout a 
titanium fuel/powder/water mixture which reacts to 
generate hydrogen gas at high pressure in a chamber. 
The hydrogen gas is used to push the projectile from 
the device. 
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P LAUNCHING PROJECITLES WITH HYDROGEN 
GAS GENERATED FROM TITANIUM~WATIER 

REACI’IONS 
5 

BACKGROUND OF THE INVENTION 
This invention relates to methods of generating gssts 

and more particularIy to m&h& of generating hydro- 
gen gas. 

Acceleration of projectiles launched from gun, lo 
rocket, and missile systems is limited by the sunic vcloc- 
ity of gas products from propcllantsl Conventional gun 
propellants (nitroctllulose) genesate heavy gmm lke 
carbon dioxide, carbon monoxide, nitrogen oxide, and 
water vapor whose sonic velocity seldom exceeds 500 l5 
m/set at ambient temperature. The maximum speed of 
projectiles launched from gun barrel by such gases 
barely reaches 1 km/set. 

Hydrogen gas which outspeeds any other gases 
(under same pressure and temperature), owing to its 20 
low molecular weight, is an ideal fluid to impart its 
tinetic energy cf?iciently to a projectile. For this reason 
hydrogen gas is used in a two-stage gas gun (1) that 
launches a projectile to hypcrvelocity (over 6 kmkc). 
This type of sun is operated by a two step prc~esa. In 25 
the first stage, gun powder charge is ignited to drive a 
piston against hydrogen gas stored in a gas reservoir, In 
the next stage, the rise of hydrogen gas pressure due to 
the compression eventually actuates a valve mechanism 
at the base of the launch barrel and pressurized hydra- 30 
gen is released to push a projectile. Besides this multi- 
staged pressurization, the whole optration of the device 
also includes storing of the gas nearby and mechanisms 
for its transfer to the reservoir, Although the staged gas 
gun routinely incrca~ the projectile velocity up to 7 35 
km/sc?c, the complexity of the operation m it cum- 
bersome snd impractical for routine uses. 

Hydrogen gas can be generated chemically in such 
reactions a~ decampo&ion of me&l hydrides or oxida- 
tion of metal like aluminum by water. When metal hy- 40 
dridc is mixed with a cc& metal oxide, the dccompo- 
sition of the hydride is greatly accclcratcd and the over- 
all reaction accompanies a net energy gti* However, 
the amount of heat and gas generated per unit mass or 
volume of the reactants in the decomposition is not 45 
clearly advantageous over conventional propellants, 
Energetically, the reaction of al&m with water is 
more favorable than combustion of the propellants. 
However, due to the formulation of passive oxide film 
on the metal surfkc, the oxidation reaction is never 150 
sustained unless the temperature of the mctai is raised 
above the melting point of its oxide. Therefore, such 
metallic systems need to be activated energetically in 
order to generate hydrogen gas which is clearly more 
energetic than the gw from the conventional propel- 55 

. lants, or to complete the hydrogen generating reaction. 
Woodrow W, kc and Richard D, Ford in US. pa- 

tent application Ser. No. 071199,879 filed on May 27, 
1988 and titled, “Method for Launching Projectiles 
with Hydrogen Gas,” disclose a method in which a high 60 
power pulse of electrical current is applied to 8 fnetal 
fuel element made of aluminum, an aluminum-lithium 
alloy, or 833 aluminum-magnesium alloy in the form of a 
wire or a foil causing the metal fuel element to explode 
dispersing a mixture of vaporized and molten metal into 65 
water surrounding the metal fuel element. The dis- 
persed fine metal panicles react with the water generst- 
ing hydrogen gas at high.pressure, After the metal fuel 

2 
element has exploded, the eiectrical current is contin- 
ued in order to drive the reaction between the metal and 
water. After a preselected hydrogen pressure is 
achieved, the hydrogen gas is used to propel a projectile 
from a barrel, 

The L,ec et al. method described above has some 
drawbacks. First, energkation (melting, vaporkation 
and dispersion) of aluminum wire for its reaction with 
the surrounding water solely depends on electrical en- 
ergy. Thus, it is a energy demanding process--about 10 
KJ of electrical energy for 1 gm of aluminum, Second, 
the v~lumc of water used in the above CILSC is in far 
excess the stoichiometric amount in order to contain 
and to have surface contact with the exploded metal. 
This results in vaporization of the excess water that 
mixes with the hydrogen product gas to increase its 
weight. 

Moreover, it would be desirable to provide a method 
of rapidly producing hydrogen at high pressure and 
temperature that was more energy efficient than even 
the aluminum fuel/water pulse power systems. 

SUMMARY OF THE INVENTION 
Accordingly, an object of this invention is to provide 

a method of generating hydrogen gas with higher en- 
ergy efficiency. 

Another object of this invention is to provide a 
method of rapidly generating hydrogen gas at high 
pressure atld temperature with fewer high molecular 
weight byproducts than existing methods. 

A further object of this invention is to provide a 
method of generating hydrogen at high pressure that is 
more energy efficient than aluminum/water puke 
power systems. . 

Still another object of this invention is to provide a 
method of keeping titanium fuel powder uniformly 
distributed throughout a water oxidizer in a fu&oxi- 
dizer mixture. 

A still further object of this invention is to provide a 
method of launching projectiles at very high velocities. 

Yet another object of this invention is to provide 8 
simple method of launching projectiles at high veloci- 
ties with hydrogen gas. 

Thw and other objects of this invention are accom- 
piished by providing 

a method of propelling a projectile from a device by 
(1) applying a high powder pulse of electrical current 

ta a thin metal wire conductor which pm through a 
mixture of (a) titanium fuel which is (i) titanium powder 
or (ii) a mixture of titanium and boron powders and (b) 
water causing the thin wire conductor to explode form- 
ing hot spots of molten metal through the titanium _ 
fuel/water mixture which initiates chemical reactions 
between the titanium powder and water and boron 
powder and water which generate hydrogen gas at high 
pressure in a chamber; 

(2) continuing to apply electrical energy to the reac- 
tion mixture to promote the reactions; 

(3) allowing the hydrogen gm pressure build to a 
pres&zted level; and then 

(4) using the hydrogen gas to push the projectile from 
the device. 

BRIEF DESCRIPTION OF THE DRAWINGS 
A more complete application of this invention, and 

many of the attendant advantages thereof, will become 
readily apparent as the s8me becomes better undmt~ 
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by reference to the followhg detailed description when 
considered in conjunction with the accompanying 
drawings, wherein: 

25: 1, still more preferably from k9: t to 2.. 1: 1, and most 
preferably about 2: 1 l 

FIG. 1 is a schematic drawing of the test appruatuii 
used to demonstrate the invention; 

FIG. 2 presents graphs rcprwnting the hydrogen gas 
prcssurts versus time for an aluminum powder/water 
system as measured at two prmure gages (tranrduccrs) 
in the barrel of the test apparatus; and 

FIG. 3 presents graphs representing the hydrogen gas 
prtssufcs VCfSus time at the same pfcssufe gages (tfanS- 
duccrs) but for a thahtll powder/boron powder/water 
system. 

The most preferred oxidizer is water, Water is non- 
toxic, noncaustic, nonexplosive, and thermally stable. 
Moreover, water is stoichimetricaUy cfkient. The oxym 
gtn is used up in the oxidation uf the titanium and boron 
powders and the hydrogen forms low mokcular weight 
ptopcumt g8s. The stokhiometrk smaunt of water 
needed is cakuIated from the following equations, 

10 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

This invention rapidly generates hydrogen gas in 
purer farm with higher energy efficiency than prior 
systems. It dw this by applying puk power tech- 
niquts to a system of a trigger (conductor) wire or wires 
and a G&urn fuel powder/otidizcr mixture and then 
using the hydrogen gas to 18unch projtcth. The tits- 
nium fuels used in this k~cntion BTC tit&urn powder or 
mixtures of titanium and boron powders. The most 
preferred otidizcr is water, The clccticaI energy in the 
pukd form kt eaplodes the trigger wire which in&i- 
ates the chctical reaction bttwcen titanium f&l pow- 
der and water oxidizer. The femaining electrical energy 
is disckgcd through the reacting medium to sustain 
the reaction. The trigger wire carp be any conducting 

,(71 
metal wire. Tht tit&urn fuct in each system undergoes 
8 complete combustion reaction with the oxidizer (wa- 
ter) and high temperature, high prtssure hydmgcn gas 
is produced. When such a metallic systctu is subjject ta 
a high power electrical p&c, the cumpietc co~&~tion 
reaction of the titium fti with water is ensured. 
AdditionaMy, the enirgy content of the systems iar 
greatly reinforced by the ekctrica.I energy. Such en- 
hancement in energy can raise the temperature and 
pressure of the hydrogen gas to much high value than & 
chemical reaction alone can provide. Eltctricdly acti- 
vated combustion of metaUk rnateriak also displays 
mrne advantageous features such as increase ia the reac- 
tion rate and controllability of the rate. 

A titanium-boron/water system delivers chemical 
energy about 30% higher per tit vof~~e than the 
energy of a compafablc ah.mbm/wattr system. 
Therefore a titanium-bfc&water system is more en- 
ergy efkient in generating hydrogen gas than an alum& 

1S For the 
tiun is 

20 

25 

30 

As demonstrated by example 2, less than 100 percent of 
the equivalent amount of water will produce a working 
process. However, it is more preferred that at least XXI 
ptf=ttt of the tqtiv&E&t atIIOURt of W8ttr ti &, Prtf- 
CM& frum SO to iooo, more preferably from 100 to 
500, and still more preferaMy from 150 to 1xK) percent of 
the equivalent amount of water is used. As a practical 
matter, more than 100 percent of the equivalent amount 
of water is needed to inoure that the titanium fuel par& 
ties art in con-t with oxidizer during the very fast 
rtactim However, a large txces% of water is undesir- 
able when it adds weight to the device without imptov- 
ing the pe~ormancc. 

40 

45 

For greater energy cficiency it is critical that the 
titanium fuel powder is wiformly distributed thruugh- 
out the water. This CM be convcnicndy done by adding 
an absorbtnt ceramic material such as bundle of fine 
ceramic fibers or ceramk sponges which prevent the 
separation of the titanium fuel powder and water. The 
cer8mic mate- 8rc li&ht weight, eMficaUy nancon- 
ductive, and inert. fn other words, they add little 
weight, do not change the rcsi~ta~~~t properties, and do 
nat interfere with the chtmicat reactions of the titanium 
fief powder/water mixture, The ceramk materials also 
have very high rneking poiats and boiling points. 
Therefure the ceramic materials will not melt or vapor- 
ize during the high temperature reactions. Of the CC- 
ramic materials, dllmina (mp 2015’ C.; bp 2980’ C.) is 
most preferred. Aa czar~ple of the& ceramic materida 
axe the fme &m&a fiber bundles whkh are avdable in 
abetts or mats under the tradename SAFFIL (alumina 
fibre mat), rnanufactwed by haprial Chemical Indus- 
tries, Ltd., Mend Divisiaa, Runcorn, Cheshire, 
WA74QS, UaitGd Kingdom. The fiat ccfamic fibers or 
~ramic sponges are thuroughly and uniformly mixed 
into a slurry of the titanium fbct , powder and water 
comp~e~ts. The fine ceramic fibtr bundles or ceramic 
~pongca absorb the water and titanium fuel powder 
part&S by capillary action* The fiIIe ceramic fiber 
bundles (or ceramic sponges) create small spaces ia 
which the titanium fuel powder ad water are held. 
T’his prevents the titankm fkel powder from settling out 
of the W8kf. 

numlwatcr system. so 
The titanium fuel compancnts arc furcly pwdcrcd 

titanium metal and freely pawdercd broo. The tita- 
nium and boron powders have par&k which arc prcf- 
erably 100 micrun or Icss, more preferably SO microns 
or lesi, and still mofe preferably 20 ticroas or iess in 35 
size. SmaU partkit size results in a greater ~urfkcc area 
at which the reaction between fuel and oxidizer OCC~* 

Titanium powder alone may be uacd IU the f&l. 
However, a mixture of boron powder and titanium 
powder is preferably used as the titantium fuel. The 60 
powder mixture preferably contains from mure than 
zero to about 3, more preferably from 1 to 2.5, and still 
more preferably from 1.9 to 2.1 m&s of boron for each 
mole of titanium in the mixture. The preferred embodi- 
ment wifl contain about 2 moks of boron per mole crf 6S 
titanjum. In other words, the molar ratio of boron pow- 
der to titanium powder in the mixture is preferably from 
mire than 09 to about 3:1, mori preferably from 19 to 

I 

most preferred embodiment the reaction qua* 

Using the absorbent ceramic material (e.g#, fint fiber 
bundles or sponges) to take up aad hold the water and 
titanhun fuel powder mixture is Iike using Kkencx fa- 
cial tissue to remove water from a bowl+ The tissue 
labsorbs and becomes saturated with the water. When 
the tissue is removed it takes the water with it. If not 
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enough tissue is used, water remains in the bowl. in the 
present case, the ideal situation is when all of the titam 
nium fuel powder/water slurry is absorbed and ali of 
the absorbent ceramic matcrbl is saturated* The pro-. 
cess, however, will still be operative when more or Icss 
than the id- amount of absbent cwsmic material is 
used. The frnt ceramic fibers or ceramic sponges are 
added in an amount of preferably from about 0,s to 
about 3.Q more preferably from 0.5 to 2.0, stilt more 
preferably from 0.8 to LS weight percent based on the 
weight of the dry titanium fuel powder. Fine fibers arc 
the more preferred form of the ceramic materials. The 
fiberj will preferably have a dticter of less than 20 
microns. The length of the fibers is not critical although 
longer fibers (e.ge, a23 incha to several inches) arc 
preferred. Other forms of the ceramic mated should 
be of comparable dimensions. 

The reactions of titanium and boron with water are 
initiated and sustainti by an elcctticaJ discharge 
through the tiranium fuel (titanjum or titanium and 
boron powdtrs)/watcr mixture, This is preferably done 

* by placing the titanium fuel/water lnixture in a sealed 
reaction char&r betwan two electrodes and passing 
the current between the elcctrodc~ through the mixture, 
This is facilitated by connecting the elect&u with a 
conductor wire which PUSH thrcrugh the titanium fuel 
water mixture. The conductor tie can be made of any 
electrically conductive material. Preferably a metal 
such as, gold, siIver, iron, nickel, tungsten, steel, magnea 
sium, brass, copper, aluminum or aJurniaum~lithium 
alloys may be used Conduotor wirea made of an ailoy 
containing from more than zero to 3 weight pacent of 
Iithium with the remainder of the alloy being &luminum 
arc more preferred. The weight of the conducting wire 
is preferably lesg than 5 mt of the weight of the 
titanium fuel. fttfcr&ly a number of fin0 conductor 
wires are used instead of a single large conductor wit& 
This jxrmits 8 more uniform plactment of conductor 
wire material throughout the mixture of metal fuellwa- 
tcr, The total weight of thw fie conductor wites is 
preferably less than 5 percent of the weight of the titam 
nium fuel. 

The electrical discharge explodes the conductor 
wire(s) which in turn provides hot spots of molten mate. 
rial through out the premixed titanium fuel/water I&- 
ture. Note that the use of a number of fme conductor 
wircS provides a rm~e uniform distribution of thego hot 
spots throughout the Icitanium f’uel/water mixture. The 
chemical reaction bctwten the titanium duel (titanium 
powder or titanium and &on powders) and water is 
fitst triggered at the hot spots and propagatts to the 
surrounding materials becuuse the reaction is highly 
4?xothetic. Therefurc most of the tit8IIium fuel is acti- 
vated by chemical means rather than clccticaf means, 

P 

Nonetheless, the provision of the hot spoti by the exm 
phxling conductor daes not necessarily sustain the titam 
nium fuel/water rca~tion. The sWai&g require a 
prolonged discharge of the electrid energy through 
the medium even after the reaction is triggered, The 
shape of the electrical pulse applied to the medium is 
not a critical factor for the completion of the reaction as 
long as it deliver sufficient electrical energy without 
forming an arcing channel cross the medium. 

The electrical discharge parameters are as follows, 
The total energy of the tkctrkal discharge will prefera- 
bly be from 0.5 to 15.0 more preferably from 1.0 to 5.0 
and still more preferably from 1.8 to 2.2, and most prcfq 
erably about 2 kilojuules&3) per gram +(g) of titanium 
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6 
fuel. Too little electrical energy may result in an incom- 
plete reaction whereas a large cxccss of energy requites 
heavier equipment without substantially improving the 
performance. The length of the electrical discharge is 
preferably from 10 to lm, more preferably from 20 tQ 
600, and still more preferably from 40 to Ooo microsec- 
onds* Too slow 8 discharge (long discharge time) will 
result in slower operation of the device and lower pros- 
sures and propellant gas velocities. Too fast an electri- 
Cal discharge (short discharge time) will re& in an 
incomplete chemical reaction between the titanium fuel 
powdtr and water. The apparatus is designed so that 
preferably from 10 to 30, more preferably from 15 to 25, 
still more preferably from 18 to 22, and most preferably 
about 20 percent of the electid energy ia used to 
explode the conductor wire(s). The mnahdet the elec- 
t&al energy is discharged into the reaction mixture to 
sustain the chemical reaction between the titanium fuel 
and water after the conductor wire(s) has exploded. 
Finally, care must be taken to avoid arcing between the . 
clectr~es. Arcing is prevented by keeping the voltage 
drop across the reactjon nwdium under 2 kilvolts per 
centimeter of distance between the electrodes. For 
higher voltage drops the electrodes must be farther 
apart. 

The chemica! interaction between the titanium fuel 
(titanium powder or titanium and &on powders) and 
the water it is mixed with depends on the electrical 
energy discharge through the titanium fuel/water mix- 
ture, After the conductor has exploded to initiate the 
reaction, the voltage drop between the electrodes rap= 
idly rises. Aa inductive energy store provides an ideaI 
power source for such discharge since its discharge in 
not Wited by the voltage rise across the titanium fuel/- 
water mixture after the conductor has exploded. For 
errample, a capacitor bank discharge may not discharge 
all of its stored charge 

FIG, I is a schematic drawing representing typical 
quipment used to demonstrate the present invention. 
The electric circuit which provides the high energy 
electrical pulse comprises a capacitor bank 20, a induce 
tion coil 28, a metal cmductor (wire) 22, and a fast 
switch 24, ail of which are connected in s&s by elcc- 
tric cabI- S&52,56, and 58. The metal conductor 22 is 
placed in the titanium fuel (Ti or Ti + B powders)/watcr 
mixture 30 and both are enclosed in the intctior 42 of a 
cylindrical reaction cartridge 32. The cylindrical reac- 
tion ddge 32 is made df an electrical insulator such 
as polyethylene. The reaction cartridge 32 is tncloscd in 
a staidus steel chamber 34, A barrel U ia connected to 
the top of the steel chamber 34 and compfct~ the enclc+ 
sure of the reaction cartridge 32. A brass electrode 36 is 
tkmdcd into the bottom and a second brass clectrcxk 
38 is threaded into the top of the reaction cartridge 32. 
In the center of the top brm electrode 38 is a breakable 
membrane 40 which separates the interior 42 of the 
reaction cartridge 32 from the barrei 44. Afttr the reac- 
tion has been initiated aad a prmlected pressure of 
hydrogen gas has been reach& in the reaction cartridge 
32 the membrane 40 breaks and the hydrogen gas cs- 
capes from the interior 42 of the reaction cnrtridge 32 
into the barrel 44 where it is used to drive a projectile 
from the barrel 44, For Motetory tdng (cxrunpies 1 
and 2) prmure gages (transducers) 46 and 48 were 
mounted in the barrel 44 in through the metal fueVwa- 
ter mixture because the voltage rise across the mixture 
without the: conductor wire(s) could exce#f the b-k 
vokagc thereby terminating the discharge. In addition 
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to the voltage aspect, the power wurce should &CJ 
allow a very high current to pass through the CQ~~UC~O~ 
wire(s) at the moment of its explosion to deliver a high 
electrical energy to the metal conductor wire(s) in a 
very short time. 

Discharge of an inductive energy store can fulfill the 
two conditions mentioned above. The t~~etlct of thk 
type of discharge is; to traasform an &xtric~ energy 
stored in a battery, electrical rotating (homopok~) gen- 
erator, capacitor bank, or other primary ckctrical 
power source to an energy stored in an inductor and to 
utilize the inductive energy at the moment of the expb 
sion. For experimental simplicity, a capacitor bank is 
often used. When a capacitor bank whose energy is 4 
CV2 is discharged through a RCL circuit, the primary 
bank energy is transformcd into an inductive energy 
described by 4 L+t the time of the peak curcnt, At the 
peak current time the capacitor bank voltage becmm 
zero and the current (neglecting energy 10ss@ is #en 
by I”= V,~CIX. Once the electrical energy is tram- 
formed to an inductive encr~y, the discharge of the 
inductive energy is nut subject to the r& of voltage 
between the electrodes across the tikniursl fuel/water 
mixture. place of a projectile, FIGS. 2 and 3 prcscnt 
pressure readings from these gages (transductn) in 

- examples I arid 2, rcspcctivcly. 
The S&S c1ectrical circuit as shown in FIG. 1 can bc 

summa&xi as follaws. The capacitor b8nk 20 is CQA- 
netted by electric cable SO to the inductur 28 which is 
connected by an tkctrical cable 52 to a high current 
connection 54 on the bra ciectmcit 36 at the bottom of 
the reaction cartridge 32, The IMTLSS cktrodt 36 is 
connected to the other brass electrode 38 at the top of 
the cartridge 32 by means of the metal conductor 22 
which pasm through the ccntcr of the metal fuel/water 
mixture 30. Tk bras cktmde 38 at the top of the 
cartridge 32 is in cktrical contact with the stainkss 
steel ckmbcr housing 34 whkh provideJ an ektrical 
return path to elcct&aI cable 56 which is connected to 
one termti of fast switch 24. The otbcr terminal of the 
fast switch 24 is connected by ektric cable 58 to the 
capacitor bank 20 thus completing the scrims circuit. 

To more clearly illustrate this hvention, the follow- 
ing examples UC prtscntcd. It should bc undcmti, 
however, that these examples are prcscnfed mefely as a 
means of illustration and WC not intcndcd to limit the 
SCOF Of this iAVCAtiOA in 8AyW8y. 

EXAMPLE 1 
Ahuninu.m fuel/water 

The oxidation reaction of aluminum powder (48 mi- 
cron diameter) with water was triggered by allowing an 
elcctricsl current puise to pass through arr aluminum 
wire etxbddcd in the mirture of the metal powder and 
water. The wire WWJ 6 GUI long, 0.84 tllm in diameter, 
and weighed Cl.09 gm. The weight of the aluminum 
powder and water were IA 8111 and 1.8 gm, tespec- 
tivelyu The wire 22 ad the mixture 30 were pbccd in a 
circuit arrangement as shown in FIG. 1. Tht capacitor 
bank 20 had pi total capacitance of 6X 1CIe4 farads and 
wa charged up to 4 kV. Approtimateiy 30% of the 
stored energy was transformed into inductive energy 
chat was uwd to explode the wire. The remaining stored 
energy ~8s dissipated in capacitive discharge mode. 

The cartridge 32 was made by drilling. a CL6 cm diam- 
eter bore into a polyethylene cytinder of 2.5 cm diamc- 
ter and 7.5 cm long. The thre’aded ends of the cartridge 
were plugged by brass electrodes 36 and 38. The eke- 
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tmcle 38 located near the barrel 44 has 8rOUnd the cenl 
ter a thin spot of 0.1 mm &hick and 0.4 mm diameter, 
which functions as a breakable membrane 40 as the 
pressure inside the cartridge rises. 

The cartridge ww installed in the steel chamber 34 
with the bottom brass electrode 36 in electrical contact 
to the high current feed through 54 and the other clec- 
t&c 38 with the brcakablc membrane 40 connected to 
in&c of the ch~~bcr 34 at the point where the barrei 44 
is instilccl. When the prcdtttrmincd hydrogen prcssurc 
is obtained from the reaction the thin brcakablc mtm- 
brane 40 in the upper brass electrode 38 bre& provid- 
ing a path for the hydrogen produced by the reaction to 
pass frcm the interior 42 of the tcactian cartridge 32 to 
the barrel 49, Prmurc gauges (transducers) 46 and 48 
monitored the hydro&cn gas pressure along the barrel 
44. The hydrogen gag pressure monitored by them is 
shmm h FIGI 2. The hydrogen gas pushing tht air 
column in the barrel attied a velocity of approxi- 
mafcly 1 km/see. 

EXAMPLE 2 
Titanium-boron/water 

The procedure of example t was fepcatcd using a 
mixture of titanium powder (48 microns), boron powder 
(100-150 microns), and water. The weights of the reac- 
taats were titanium powder, 1.5 g; boron powder, 0.7 g; 
and water, 1.8 g. The hydrogen gas pressure monitored 
by the pressure gauges (tram&teen) 46 and 48 is shown 
in FIG, 3, The generated hydrogen gas pushing the air 
cohma in the bad attained a velocity of approxi- 
mately 2 lun/sec. The prcssurc rise time shown in FIG. 
3 is more thaa sin times fasftr than the rbc tilnc shown 
in FIG, 2, indicating thaf the burning rate of WWWa~ 
tet is much faster than that of Al/Water. 

obvioudy, r~umcmus modifications and variations af 
the present invention arc possible in light of the above 
ttschiags. It is therefore to be understood that within 
the scope of the appended claims the invention maybe 
practiced otherwise than a~ spekificaily dcscribcd 
her& 

What is claimed as new and desired to bc secured by 
Letters Patent of the United States is: 

1. A method of propcUing BL projectile from a device , 
comprising; * 

(1) applying a high power pulse of clc&cal current 
to a meti conductor causing the metal conductor 
to c~~pkxk Ed thu dkpcrsc the metal into o mix- 
ture of water and B titian fuel Mcctcd from the 
group ccmisfhg of (a) titanium powder and (b) a 
titure of titankm powder md boron powder - 
wherein the moiar ratio of boron to titanium is 
from mow than 0=1 up tu abut 33, and wherein 
the pitcea of dispcrscd metal from the expkkd 
conductor provide hot spots which initiate a chcm- 
icd ration bctwccn the titanium fuel and water to 
generate hydrogen at high pressure in 8 chamber; 

(2) continuing to supply the hish powercd puke of 
eiectrid current to drive the reaction between the 
titanium fuel md water titer tht metal conductor 
has cxplodcd and initiatti the reaction; 

(3) aliowing the hydrogen gas pressure in the cham- 
her to build to a prcsektcd level; and then 

(4) using the hydrogen gas to push a projectile from 
the device, 
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2. The method of claim 1 wherein the titanium metal 

fuel is titanium powder and the reaction occurs between 
titanium and water. 

3. The method of claim 1 wherein the total energy of 
the electrical current applied is from I .O to 5.0 Ulojoules 5 
per gram of titanium fuel. 

4, The method of claim 3 wherein the total energy of 
the electrical cment appiied L from L8 to 2.2 kilojoules 
per gram of titanium fact. 

5. The method of claim 1 wherein the p&c of dectri- 10 
cal current applied during steps (1) ~BU! (2) is from 10 to 
too0 microseconds long. 

6. The method of cl& 9 wherein the pulse of elcctri- 
cd current is from 20 to 600 mictoseconds long. 

7. The method of claim 5 wherein tk pulse of elcctria 15 
cal current is from 40 to 400 microseconds long. 

8. The method of claim 1 wherein the titanium fuel is 
a mixture of titanium powder and boron powder 
wherein the molar ratio of boron to titanium is from 
more than 0:l up to abut 3:l and wherein reactions 20 
occur between the titanium and water and bc?wem the 
boron and water, 

9. The method of claim 8 wherein the moIar ratio of 
&oron to titanium is from 1: 1 to 2.5; 1. 

10. The method of claim 9 wherein the molar ratio of 25 
boron to titanium is ffom 1.9: 1 to 2, t : 1. 

11. The method of claim 1 whctcin from 50 to loo0 
percent of the quivalent amount of water rquired to 
oxidize all the titanium and aU the boron is used in the 
reaction mixture, 30 

X2. The method of claim 11 wherein from 10 to 500 
percent of the equivalent amount of water rquircd to 
oxidize all the titanium and all the boron is used in the 
reaction mixture. 

13, The method of claim 12 wherein from 1SO to 300 35 
percent of the equivalent amount of water rquircd to 

oxidize all the titanium and ail the boron is used in the 
reaction mixture. 

14, The method of claim 1 wherein from about 10 to 
about 30 percent of the total electrical energy is used up 
in step (1) to explode the metal conductor and the rc- 
mrainder of the electrical energy is used up in step (2) to 
drive the chemical raction between the titanium fue1 
and water. 

15. The method of claim 14 wherein from about 15 to 
about 25 percent of the total electrical energy is used up 
in step (1) to txplodc the mctaI conductor and the rc- 
mainder of the ekctri~ energy is WCC& up in step (2) to 
drive the chemkal reaction between tfre titanium fuel 
and water. 

16. The method of claim 15 wherein from I8 to 22 
percent of the tutd electrical energy is us& up in step 
(I) to explode the metal conductor and the remainder of 
the electicai energy is used up in step (2) to drive the 
chemical reaction between the titanium fuel and water. 

17. The methad of claim 1 wherein the titanium fuel 
powder in unifomly distributed throughout the water 
in the titanium fuel powder/water mixture by meant of 
an absorbent ceramic matetial that is eIcctricaUy non- 
conductive and chemically inert, 

1%. The method of claim 17 wherein the absorbent 
ceramic material is made of aiumina. 

19. The method of claim X7 wherein the absorbent 
ccm.mic material is in the form of sponges, 

2U. The method of claitn 17 wherein the absorbent 
ceramic material is in the form of bundles of fine ce- 
mmic fibers. 

21. The method of claim 20 wherein the absorbent 
ceramic material is in the form of bundles of fine alu- 
mina fibers. 
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